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You all know the story about William Beaumont, the army surgeon, who took
care of Alexis St. Martin, the young French Canadian, who was severely wounded
by an accidental discharge of a shotgun, which left him for the rest of his life
with a hole in his side, through which his stomach could be inspected. William
Osler, in an address in 1902, gave a fascinating picture of how the man and the
opportunity meet-and match. The opinions on gastric physiology in the beginning
of the nineteenth century were so confusing that we understand William Hunter's
pithy remark, "Some physiologists will have it, that the stomach is a mill, others
that it is a fermenting vat, others, again, that it is a stew-pan: but, in my view
of the matter, it is neither a mill, a fermenting vat, nor a stew-pan; but a stomach,
gentlemen, a stomach."
Beaumont's observations, published in 1833, anticipated our present knowledge
of gastric function. His observations on gastric secretion and on the gastric
mucosa were of such fundamental importance that very little was added before
the works of Pavlov.
However important Beaumont's observations were, they had very little influence
on the opinion concerning gastric diseases of his contemporaries, who were rooted
in the anatomical conception of gastritis, as being the most common cause of
stomach trouble. This conception had been presented by Broussais, the Frenchman,
and was based on post-mortem findings, which later were shown to be due to an
erroneous interpretation of post-mortem putrification.
The introduction of the stomach tube as a routine diagnostic aid (Kussmaul,
1867) and the test meal of Ewald-Boas brought on a change of this anatomical
view on gastric diseases. The interest during the last decades of the nineteenth
century with regard to gastric disorders was mainly focused on the diagnosis ofdisorders of gastric secretion. Particularly on the Continent, with the German
clinicians en t6te, the diagnosis of different forms of secretion disturbances
flourished, such as heterochylia, functional achylia, and hyperacidity, which were
regarded as responsible for the various symptoms of which the patient complained.
The development of gastric surgery and the beginning of the rcentgen era gave
rise to a critical reaction against these diagnostic subtilities. In 1923 Moynihan,
the famous English surgeon, made the following comment regarding the Ewald
test meal: "I found that so little information was given, at so great an expense
of time and trouble, both to the patient and to ourselves, that I was glad to abandon
the procedure altogether."
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Fig. 1. The relations of the concentrations of H+, iNa+, K+ and Cl- to the secre-
tion rate. All the results in this figure are obtained from one dog. Each dot is ob-
tained at a steady state secretion value. The full lines for [H+], [Na+] and [Cl-].
are according to the diffusion formulas. - TEORELL (1947).
Since then the clinical value of gastric secretion tests has been discussed many
times on various occasions, and the discrepancy of opinion has been marked. On
the one hand, it has been emphasized that, apart from the finding of a Congo
positive gastric content, the usual gastric secretion tests give very little of
diagnostic value. On the other hand, the importance of a careful analysis of the
gastric secretion for the understanding of the symptoms has been pointed out as
a guide in the treatment of gastro-intestinal disorders.
If you ask what can we get out of a gastric secretion test, the answer depends
to a very high degree on how much time and work you are willing to spend on the
performance of the test. If you like to get reliable information' about gastric
secretion, you must realize that the acidity of a gastric sample says very little
2about the secretion capacity of the stomach, if you do not know the secretion rate.
To get reproduceable values you have to employ, firstly, a stimulus that gives
a powerful stimulation of the gastric glands, and, secondly, a recovery technique
which is satisfactory.
Fig. 1 shows the correlation between the dose of histamine, the secretion rate,
and the acidity. When the secretion rate has reached a certain level, the acidity is
high and does not change, and here you get the same acidity if the secretion rate
alters considerably. With low secretion rates the acidity is low, in which case
small changes in the secretion rate result in great changes in the acidity. When
studying the effects of an inhibitory drug the results may vary from one case to
Fig. 2. The Lagerlof-Agren double tube.
another. In one case with hypersecretion, for instance, you may get a reduced
secretion volume, but the same acidity, and in another case with a low secretion
the drop in the acidity values may be much more marked than the small decrease
in the secretion volume. Thus, when studying gastric secretion in clinical material
you have to use a powerful stimulus where small changes in the secretion rate
influence the acidity as little as possible. Histamine is the most powerful stimulant
known, and gives you a picture of the chemical phase of gastric secretion under
maximal conditions. The cephalic phase of gastric secretion is best studied with
insulin, which, by means of insulin hypoglycemia, gives a strong vagal stimulation.
It has been said that gastric secretion tests after parenteral stimulation do not
reflect physiologic conditions and that the Ewald test meal and the fractional
test meals with alcohol, caffein, and arrowroot are more physiological than a
histamine test, and that is perhaps the reason why those unreliable tests are still
in use in so many places. It may, however, be doubted if physiologic conditions
exist when a patient comes to see a doctor, and I feel very dubious about the ease
and the relaxation of the patient when a tube is passed into his stomach. We know
that gastric secretion may be inhibited by impulses from the brain through the
vagus. It has been shown that such impulses do not only inhibit the vagal and
3
Bthe spontaneous secretion but that the response to histamine is somewhat reduced
at the same time. Some gastroenterologists in the United States find the ex-
amination of gastric juice aspirated over successive ten-minute periods under basal
conditions, without any special meal or stimulus, the simplest method. In the
case of a Congo negative gastric juice, the test is supplemented by a further study
after the injection of histamine. I cannot consider this method as being a
simplification of clinical work, but only an unsatisfactory way to study the
spontaneous secretion, which must often be supplemented by an ordinary histamine
test.
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Fig. 3. Gastric secretion tests performed at three subsequent days in
the same patient. On the first two days the acidity values were low
due to the admixture of bile and saliva. On the third day a continuous
suction of the gastric juice as well as of the saliva demonstrated normal
acidity values.
As I have already mentioned, the acidity of a gastric sample says very little
about the secretion capacity of the stomach, if you do not know the secretion rate.
In routine examinations reliable information can only be obtained by a quantitative
recovery of the gastric juice by means of a technique, in which the admixture of
regurgitated duodenal juice and swallowed saliva is avoided as well as the loss of
gastric content through the pylorus. A continuous aspiration of gastric and
duodenal juice through a double tube as well as the simultaneous collection of
saliva is the ideal (Fig. 2). It is, however, impossible to carry out in routine
examinations owing to the difficulty in reachng the duodenum.
The histamine test with a single tube is generally carried out with withdrawals
of the stomach content at intervals of 10-15 minutes after the subcutaneous
4injectioni. It is, however, easy to demonstrate that a continuous suction of the
gastric juice gives a more satisfactory recovery and higher acidity values. This is
true not only in secretion tests after parenteral stimulation, but also when studying
spontaneous secretion. In order to avoid admixture with the gastric juice it is
necessary to have continuous suction of the saliva. It is not sufficient only to make
the patient expectorate the saliva. This is to be seen in Fig. 3.
Fig. 4 shows the distribution of the average corrected number of parietal cells
in the areas of eight normal stomachs according to a histo-topographical study by
Berger (1934). In the black area the average proportion of parietal cells was
Fig. 4. The distribution of the average
corrected number of parietal cells in
the areas of eight normal stomachs,
according to Berger.
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maximal and was designated as 100 per cent. In proportion hereto, in the cross-
hatched area, they were 75 per cent., and in the heavily shaded area 50 per cent.
Consequently, if the whole acid secretion is to be collected (luring a test, it is
necessary to have the lowest openings of the tube on a level just below the gastric
angle.
1 ig. 5. The right place of the tuhe
Nvitlh the lowest openings of the tube
just below the gastric angle. The left
picture shows the stomach before, the
right after the suction has been begun.
Fig. 5 shows the tube in the right place with the patient in a sitting posture.
The left picture shows the stomach before, the right after the suction has been
begun. TIhe suction reduces the gas bubble in the upper part of the stomach, which
is sucked together, and this facilitates the recovery of the gastric juice. Roentgen
ccontrols in a series of cases have shown that if the following course is taken the
tube will be in the right place.
The patient is examined in a sitting posture. The gastric juice is recovered by
continuous suction with a negative pressure of 35-40 mm. Hg. through a somewhat
stronger duodenal tube than the one generally used with a metal tip and 3-4 small
openings at 1-2 cm. from each other at the lower end. The tube is lowered so that
the distance from the lips to the lowest opening of the tube corresponds to the
patient's body height, minus 100 cm. The gastric content is recovered with a 20 ml.
syringe and the stomach is then blown up by injecting 100-140 ml. air through the tube.
This is done to prevent the tube from coiling up within the upper part of the stomach.
The gastric content is once more completely recovered. The right position of the tube
is now controlled by injecting air through the tube. If the same amount of air can
afterwards be recovered in the syringe, this indicates that the openings of the tube
are placed at the right level. If this is not the case, the position of the tube has to
be changed-usually it has to be raised a little. The tube is now fixed to the cheek
with plaster. The suction of saliva and gastric juice is begun and the gastric secretion
test can be carried out.
TABLE 1.
COMPARISON BETWEEN THE RESULTS WITH DOUBLE AND SINGLE TUBE.
DOUBLE TUBE
Free HCI/total
Ml. per acid. in Meq.
Date 60 min. maximal conc.
per 20 min.
15. 2. . _ . _
18. 2. ... 87 ... 131/140
... 65 ... 141/150
17. 2.
3. 3.
12. 3.
24. 3.
14. 4.
29. 10.
155
148
158
165
116/126
110/120
108/117
128/134
SINGLE TUBE
Free HCI/total
Ml. per acid. in Meq.
60 min. maximal conc.
per 20 min.
75 ... 105/120
. . . ........
_ .. . _
160
136
100/106
112/123
3 ... 916 ... 19. 4. ...
..... ... 21. 4.
4 ... 9 29 ... 25. 8.
... 27. 8.
5 ... d'31 ... 19. 6.
... 27. 8.
6 ... 930 ... 4.9.
. .. 7.9.
.. 63 146/152
...
. . ... . ... - 63 ... 147/152
91 ...
... 140 ...
71 ...
... 70...
98/105 ... - ...
80/90
180 98/106
124/130 ... - ... -
... 99 ... 52/67
. .. .. . _ 57/70
Table 1 shows a comparison between the results with a double and a single tube
after histamine stimulation. The gastric as well as the duodenal content was
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Sex and
No. age
1 ... 923
2 ... dr47collected with the double tube, the single one only collecting the gastric content.
There is a fairly good agreement between the results, and a statistical calculation
of a great number of tests showed no significant difference between the mean errors
of the secretion volumes with a double and a single tube. The histamine test,
according to the technique described, gives more reliable information as to the
secretion volume and acidity than any other clinical secretion test. On the basis
of the statistical calculation of a normal material, examined according to the
technique described, a secretion volume of more than 180 ml. per 60 minutes
after a histamine dose of 0.1 mg. per 10 kilo body weight has been regarded as
hypersecretion. High acidity values are not to be identified with hypersecretion,
as you will realize from what I have already said. Higher acidity values than in
the normal stomach are not to be found. Thus, the term hyperacidity has no
clinical support when applying a reliable gastric secretion test (Fig. 6).
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Fig. 6. Frequency distribution of maximal acidity in one of the
twenty-minute portions in duodenal and gastric ulcer and a normal
material.
7The finding of' a histamine refractory achlorhydria has a pathognomonic
importance in some diseases such as pernicious anaemia and some types of
sideropenic anamia. Here the recovery technique is of fundamental importance.
The admixture of bile and saliva may neutralize small amounts of hydrochloric
acid and thus give the false impression of an achlorhydria. However, even with
a satisfactory recovery technique, histamine refractory achlorhydria is a rather
relative conception. With an increased dose of histamine up to 2-2.5 mg., it is in
some cases possible to demonstrate hydrochloric acid, where an ordinary dose has
failed. This high dose of histamine gives no untoward effects if, as Kay (1953)
has proposed, 4 ml. "anthisan" is given 30 minutes before the histamine injection.
However, if we wish to distinguish between a true achlorhydria, that is to say
where the parietal cells have definitively stopped secreting hydrochloric acid, and
a hypochlorhydria we have to use the neutral red test. Neutral red is a dye which
is red at pH 6.8 and yellow at pH 8. If given intravenously, it is excreted by the
parietal cells and the gastric juice thus turns red. In true achlorhydria, where the
parietal cells have stopped the secretion of hydrochloric acid, the dye does not
appear in the stomach when histamine is given simultaneously with the neutral red
injection. The test is negative in pernicious anamia as well as in a great number
of histamine-refractory achlorhydrias. Hallen has shown that if hydrochloric acid
is instilled into the stomach an excretion of neutral red may still be demonstrated
in some cases of pernicious anawmia, which shows that the parietal cells lose the
capacity to excrete neutral red later than the capacity to secrete hydrochloric acid.
The same is true with regard to the secretion of pepsin. In most cases, even in
pernicious anaemia, where the secretion of hydrochloric acid has disappeared, the
secretion of pepsin remains and can be demonstrated after the instillation of
hydrochloric acid into the stomach.
Thus histamine-refractory achlorhydria is not a uniform conception. It comprises
different grades of hypochlorhydria down to the neutral red refractory state, when
the parietal secretion has completely stopped, as well as conditions with preserved
pepsin production down to the complete apepsinia.
In the majority of gastric diseases gastric secretion tests have a rather limited
value. This is largely owing to the fact that secretion disturbances are to be found
even in healthy subjects. In healthy children achlorhydria is uncommon. The
incidence of hypo- and achlorhydria rises with increasing age. According to
Polland (1933), achlorhydria was found in 3.5 per cent. between the ages of 20
and 30, whereafter the frequency rose gradually, and was 27 per cent. between
the ages of 60 and 70 in healthy subjects without any stomach trouble. In peptic
ulcer hypo- as well as normo- and hyper-secretion is found. Hypersecretion is
relatively uncommon in gastric ulcer. It is, however, a common finding in duodenal
ulcer, particularly in men. There seem, however, to exist some geographical
differences. Hypersecretion, for instance, is a more common finding in duodenal
ulcer in the southern parts of Sweden than in the north. A hospital material in
Stockholm, examined according to the method described, showed a frequency of
34 per cent. hypersecretion in duodenal ulcer. The finding of hypersecretion is
8always suspicious of duodenal ulcer. and if this cannot be demonstrated the patient
must be regarded as a duodenal ulcer candidate.
If you want to get a complete picture of the gastric secretion you must examine
the spontaneous secretion as well as the secretion after histamine and insulin.
The spontaneous secretion may either be studied during 1-2 hours in the morning or
MV
12hrs
2000-
18O00
1600-
1400.
1200
1000-
800-
600-
400
200-
Night secretion test.
Maximum 14 days lnterval between the two tests.
1 I
7 I]Ii
Fig. 7. Night secretion tests performed at two different
occasions in twelve patients. The secretion volume was
recovered continuously during twelve hours.
as a night secretion test. Even with a careful recovery technique the results of a
night secretion test may differ considerablv with regard to the secretion volume
during 12 hours (Fig. 7). If a high night secretion is found, the secretion after
histamine and insulin, as a rule, is also high. A hypersecretion after histamine,
however, is not always combined with a high night secretion (Table 2).
The old view that achlorhydria is a common finding in cancer of the stomach
is incorrect. Several investigations have shown that 30-40 per cent. of patients
with cancer of the stomach have preserved hydrochloric acid secretion. In the
differential diagnosis between gastric ulcer and carcinoma of the stomach the
finding of a histamine refractory achlorhydria is of decisive importance, total
achlorhydria being incompatible with the presence of a benign ulcer. The presence
9
. . L-- NN-J u - aof total achlorhydria may, however, only be regarded as definite after 2-3 histamine
tests, preferably with a dose of 2-2.5 mg., as advised by Kay (1953).
Evidently the secretion of hydrochloric acid takes place at a constant level of
about 170 Meq. This primary acidity when recovered-even if the admixture of
TABLE 2.
COMPARISON BETWEEN THE HISTAMINE TEST AND THE NIGHT SECRETION
IN EIGHTY PATIENTS.
No.of
Cases
Only to Only at
xHistamineIxNight
Hyper4ecretion No Hyper-
secretion
.0 I .- - a
Duodenal 66 18 24 5 19
ULcer__ _ _ _
Gastric 9 8 - 1 -
Ulcer __ _ _ __ _ _ _ __ _ _ __ _ _
Prepyloric 5 l 3 2 - l
Ulcer
TotaL 80 29 26 6 19
x >180 ml per 60 minutes
xx >1025 ml per 12 hours (7 p.m. -7am)
duodenal juice and saliva is avoided-has dropped due to the nonparietal or
mucous secretion, and to an acidity-reducing diffusion process. In a stomach with
gastritic changes, both the nonparietal secretion and the acidity-reducing diffusion
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Fig. 8. Histamine tests in chronic gastritis.
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Both Diagnosisprocess may be increased, resulting in low acidity values, though the secretion
volume is considerable. A comparison between the histamine test and the gastro-
scopic findings confirms this. Acidity values under 90 Meq. at a secretion volume
of at least 60 ml. per 60 minutes indicates the existence of chronic gastritis (Fig. 8).
Acidity values up to 1304140 Meq. are indicative of a normal mucosa in an
endoscopic examination (Fig. 9).
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Fig. 9. Acidity values up to 130-140 mN are indicative of a
normal mucosa.
Bloomfield, in the textbook edited by Portis (1953), draws the following
conclusions in a chapter on clinical aspects of gastric secretion. "Analysis of the
gastric secretions usually gives little or no information of clinical use. In certain
special situations-for instance, when duodenal ulcer or pernicious anemia is
suspected-the determination of gastric acidity may be helpful. 'Routine' gastric
analysis is a waste of time; the procedure should be reserved for the occasional
case in which useful information may be obtained." I am of an opposite opinion.
Not only in pernicious anoemia and certain types of sideropenic anaemias, but also
in the treatment of peptic ulcer, regurgitation oesophagitis, gastritis, and diarrhoea
it is of importance to know the gastric secretion. The choice of the operative
procedure in peptic ulcer has to be accommodated according to the results of the
gastric secretion tests. A Billroth I operation is not advisable in a hypersecretory
stomach. Here we prefer a Billroth II operation possibly combined with a
vagotorly in order to depress the secretion and avoid the occurrence of a marginal
ulcer. In diseases of the digestive system the clinical examination is not complete
if a gastric secretion test has not been carried out.
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REVIEW
MODERN TREATMENT YEARBOOK, 1956. A yearbook of Diagnosis and
Treatment for the General Practitioner. Edited by Sir Cecil Wakeley.
(Pp. viii + 344. 25s.) London: Published for the Medical Press by Bailli6re,
Tindall & Cox, Ltd., 1956.
THE high standard of former yearbooks is fully maintained in this present number. The first
article, on biliary obstruction and its treatment, is contributed by Sir Heneage Ogilvie in his usual
lucid and attractive literary style. It is followed by a full account of the treatment of burns by
Clarkson and Evans. The treatment of ulcerative colitis is well summarised by Dick.
A most informative chapter on antibiotics in general practice to-day is written by Martin Hynes,
who discusses the capabilities and limitations of the chief antibiotics. It should bring some
comfort to the general practitioner's "amour propre" to learn that the phenomenon incorrectly
termed "acquired bacterial resistance" is probably not attributable to his unenlightened use of
these drugs.
Dr. Sheila Sherlock contributes an interesting chapter on acute virus hepatitis.
"Soon the student will be considered ill-equipped if he is not as expert in geriatrics as he is now
required to be in padiatrics." So states William Gooddy in a chapter on brain disease and mental
deterioration in later life. He discusses its varied aetiology, clinical signs, and diagnosis, and
declares that "with accurate diagnosis and skilled management dramatically good results are often
obtained."
These are only a few selections from the thirty-seven subjects considered, and each author
presents his material in a masterly manner. This is a volume well worth careful perusal by all
family doctors. W. G. F.
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